Abstract: Industrial risk management is an area of interest in business and management research. Construction is a risky and dynamic industry that is particularly prone to a variety of risks and uncertainties. The nature of these risks may depend on particular projects and can significantly vary from country to country. Therefore, the essential goal of research in identifying and characterising risks in construction is two-fold, involving (1) the identification and characterisation of any general trends, risks and mitigating strategies that are common in different countries and extend over a variety of construction projects in one or more countries; and (2) the identification and characterisation of any particular construction risk in a given country or even for a given project and understanding any variability of risks for different projects or countries. The detailed analysis of risks and risk factors associated with both these aims is essential for the successful development of the construction industries that constitute a significant part of the world economy.
The major focus of this paper is the analysis and characterization of cultural risks in the construction industry in the United Arab Emirates (UAE). The unprecedented construction boom in the UAE since 1971 has caused rapid and extensive growth in its construction industry. However, this rapid growth and its sustainability are threatened by a variety of factors including significant cultural issues associated with the traditional Arabic culture and the unprecedented diversity of the workforce in the UAE, as more than 80% of workers are expatriates from different parts of the world. This creates a unique business environment in the country whose successful development largely underpins the economic progress in the Middle East and elsewhere.
The analysis of cultural risks in the UAE construction industry was conducted using a specially designed and validated survey instrument. There were 237 participants of the study, all holding senior engineering or managerial positions in companies associated with the construction industry in the UAE. The analysis was based on the identification and quantitative characterization of the constructs associated with the cultural risk factors and generalized structural equation modelling to characterize the direct and indirect effects of these constructs on the success of construction projects. All outcomes were adjusted to socioeconomic and company variables.
Among the mediating constructs, External Risks (involving corruption, government regulations, market demand and differences between stakeholders) and Communication (involving communication issues between the parties to the contract, employers and employees) dominated Internal Risks, which were generally perceived as less important. The cultural factors produced significant impacts on these mediating constructs that, in turn, affected project success.
Only two UAE cultural aspects were found to have positive impact on project success. These were differences in educational backgrounds and a more stringent attitude to time among Emiratis that people from Western countries. All other specific cultural aspects were found to have significant negative impacts.
The two different constructs associated with the existing cultural aspects in UAE were identified as UAE Culture and Cultural Diversity. Both of these constructs were shown to have significant impacts on project success, but only through the mediation of the other three constructs of Internal Risks, External Risks and Communication. In particular, it was demonstrated that the cultural diversity issues have twice as strong an impact on the success of construction projects in UAE than the general cultural issues in UAE. Therefore, the issues of cultural diversity should be given priority in any attempts to mediate construction risks and improve productivity in the industry.
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22nd International Congress on Modelling and Simulation, Hobart, Tasmania, Australia, 3 to 8 December 2017 mssanz.org.au/modsim2017 INTRODUCTION As of May 2016, the pipeline of construction projects in the pre-execution stage in the Gulf Cooperation Council (GCC) countries amounted to more than US$2 trillion, with the UAE capturing around 34.84% of the total value of these projects (Deloitte, 2016) . This is a reflection of the decades of the unprecedented construction boom in the GCC countries, including the UAE (Deloitte, 2016) .
The rapidly developing construction industry requires adequate identification, consideration and the resolution of a variety of issues related to productivity, labour, resources and technology, socioeconomic factors, and a wide spectrum of cultural, economic and financial matters and traditions. Any of these factors are capable of creating significant barriers and risks for projects and productivity growth in the construction industries of the GCC countries. The identification, analysis and characterization of any such barriers and risks as well as the development of effective mitigating strategies are essential for the continuing growth of the industry.
Industrial risk is typically defined as a potential occurrence (an event, condition or circumstance) that is uncertain in likelihood and consequence and, if it occurs, could affect the ability to achieve one or more planned objectives (Harvett, 2013; Loosemore et al., 2006; PMI, 2013) . Some sources consider risks as potential occurrences that have both negative and positive impacts on the expected objectives (PMI, 2013; Ratherford, 2002) . Although this is somewhat at variance with the common meaning of the word 'risk' as a possibility of something unpleasant or unwelcome, in this paper we will adopt this wider definition of risk. This will be consistent with the conducted modelling in which the considered risks and risk factors might have positive or negative impacts on project success.
Construction is one of the most risky, difficult and dynamic industries (Hwang et al., 2017) as, due to its financial intensity, complex procedures, long project durations, risky environment and partner relationships, this industry is prone to a variety of risks (Panthi et al., 2009 ). There are also vast variations in the risks that exist in in construction industries in different countries and cultures (Al-Yahya, 2009; Assaf & Al-Hejji, 2006; Deloitte, 2016; El-Sayegh, 2008; Odongo et al., 2012; Randeree and Chaudhry, 2012) . In particular, Odongo et al. (2012) show that differences in values, norms and literacy rates are likely to have the greatest impact on pricing decisions (which are directly relevant to contractual, financial and economic risks).
The UAE is the second largest economy among the GCC countries (after Saudi Arabia) (Deloitte, 2016) and has the second largest value of construction output in the world as of 2015 (AECOM, 2016) . This is an illustration of the importance of the UAE for economic development in the Middle East. At the same time, the UAE has unique economic and cultural characteristics in comparison to other countries in the Middle East. This uniqueness is related to the highly diverse cultural and ethnic mix in the workforce, with expatriates constituting 75% to 85% of the total workforce (Al Ariss and Guo, 2016) . The detailed understanding and mitigation of any cultural risks are essential to ensure the further growth and rapid development of the UAE construction industry.
Although there is an impressive body of literature concerning risk management in construction industries (see above), the research still represents only the initial steps towards the detailed analysis and characterization of construction risks. This is because few papers in this area use modern analytical methods to adequately identify and characterize causal relationships between the considered variables and/or risk constructs. Some of these papers still had significant deficiencies, such as insufficiently justified model fit (Kim et al., 2009; Liu et al., 2016) , while the others did not consider cultural risk constructs (Doloi et al., 2012; Eybpoosh et al., 2011; Sambasivan et al., 2017) .
Therefore, the aim of this paper is to conduct the quantitative identification, analysis and modelling of cultural risks in the UAE construction industry on the basis of a questionnaire instrument that has been developed to evaluate such risks. The major focus of the conducted analysis will be on the construction and validation of risk constructs (factors), with the subsequent determination of their direct and indirect effects on project success. We will also provide interpretations and explanations of the obtained outcomes and outline recommendations for possible strategies to better mitigate cultural risks.
CONSTRUCT DEVELOPMENT

Data Sample
The conducted analysis and statistical modelling were based on the data collected from 237 qualified participants, using the survey instrument specifically designed for the evaluation of risks in the UAE construction industry. The survey was validated using the existing literature on risk management, recommendations from three expert advisors in the field of risk management, and a small pilot study to test the survey, its efficiency, clarity, relevance and completeness. The study included three different participant categories: clients (33 participants), contractors (148 participants) and consultants (56 participants). This selection ensured a reasonable spectrum of opinions coming from different construction parties. The overall sample size was sufficient for the analysis of around 25 relationships in each considered model (Nunnally, 1967) .
Dependent and Independent Constructs
The main adopted methodology involved confirmatory factor analysis (CFA) for construct development and generalized structural equation modelling (GSEM) for the determination of causal direct and indirect effects of constructs, numerical and categorical (socioeconomic) variables on construction project success.
The developed constructs, including the dependent construct of Project Success, are presented in Table 1 . The validity of these constructs was further confirmed through the Cronbach's alpha analysis and determination of model fits for all CFA models (with p > 0.12 for the chi-square test, and other goodness of fit (GOF) indices being: RMSEA > 0.065; CFI > 0.92, TLI > 0.84, SRMR < 0.106, coefficient of determination (CD) > 0.62, and Cronbach's alpha > 0.58). The obtained factor loadings (Table 1) give the quantitative evaluations of the strength of the association between the corresponding items and the constructs, such that the larger the magnitude of a factor loading, the more important is the considered item for the construct. The negative signs of the loadings indicate the opposite directions of the respective items or the opposite direction of the effect of the constructs on the associated items. For example, the negative signs of the factor loadings associated with items Q31.8 -Q31.10 (Table 1) show that the Communication factor score increases with decreasing communication gaps. Therefore, if the Communication factor has a positive effect on Project Success, then the Communication gaps (items Q31.8 -Q31.10) must have negative effects on Project Success (which is to be expected).
GSEM MODEL
As there is a significant possibility that the developed independent constructs could impact on each other (i.e., be correlated with each other), the statistical modelling aimed at the identification and characterization of any mutual impacts between the developed constructs should be based on structural equation modelling (SEM). An SEM model enables not only a reliable characterization of the relationships between numerous correlated variables/constructs, it also enables the visualization of a network of direct and indirect effects where some independent variables or factors impact on the dependent variables or factors through other mediating variables, thus producing indirect effects that are not possible or difficult to consider in any other statistical model.
Because of the presence of categorical variables in the survey data (e.g., gender, education, experience, type of company, etc.) which cannot be considered in a standard SEM (StataCorp, 2015) , GSEM modelling in Stata 14 was used. Due to the limitations of the sample size (237 participants), each developed construct was considered in the GSEM model as a latent numerical variable characterized by its factor score obtained from the respective CFA model (Figure 1 ).
Indirect Effects of Cultural Factors
It can be seen that neither of the two cultural factors has any significant direct effect on Project Success. This is one of the possible reasons for some previous studies overlooking cultural risk factors. However, both of these factors have significant indirect effects on Project Success through the mediating constructs of External and Internal Risks, and Communication (Figure 1 ). The significant indirect effects together with their regression coefficients (calculated as products of the coefficients of the involved direct effects) and p-values are listed as follows: For simplicity of presentation, the significant measurable variables are grouped into boxes, corresponding to each of the factors these variables act on (see Table 2 
Importantly, the constructs of UAE Culture and Cultural Diversity have significant and strong effects on Internal Risks, External Risks, and Communication. These effects on Internal Risks and External Risks are positive in that the majority of the cultural diversity and UAE cultural items increase internal and external risks as defined in Table 2 . The same cultural constructs have negative impacts on Communication in that the majority of the cultural diversity items and UAE cultural items increase the existing communication gaps and impede communication efficiency.
The total effects of the mediating factors of Internal Risks, External Risks, and Communication on Project Success were: 
Model Fit
The validity of the developed GSEM model (Figure 1 ) is confirmed by the respective set of GOF indices: p = 0.82 (for the chi-square test), RMSEA < 0.001, CFI = TLI = 1, SRMR = 0.015, CD = 0.62. These values of the GOF indices demonstrate the exceptional model fit. The indicated value of CD means that the developed model explains around 62% of the total variance of the involved endogenous variables. This is a good outcome, demonstrating that only about 38% of the total variable requires consideration of some other variables and/or factors not involved in the model.
DISCUSSION AND CONCLUSIONS
The fact that both the constructs of Cultural Diversity and UAE Culture do not have direct effects on Project Success but have strong indirect and total effects once again highlight the essential need for the adopted methodology based on the GSEM modelling ( Figure 1 and Table 2 ).
All indirect effects of both the cultural factors on Project Success were negative, as were the total effects -see (1) and (2). Therefore, the Project Success factor score decreases (success is reduced) with increasing scores for UAE Culture and Cultural Diversity. In other words, UAE cultural features and cultural diversity appear to be mostly detrimental for project success in the construction industry. The only exceptions were items Q31.4 and Q31.15 (Table 1) , which had negative factor loadings and, thus, had positive impacts on Project Success (unlike all other items associated with the two cultural constructs - Table 1 ).
For example, item Q31.1 has a positive factor loading in the UAE Culture factor (Table 1) . Therefore, study participants who agreed that Emiratis value personal trust tended to disagree that the construction project was successful (because of the negative relationship between UAE Culture and Project Success (1)). This gives rise to a conclusion that Emiratis valuing personal trust in business transactions appears to be detrimental for the success of construction projects (and, thus, for effective risk management). At the same time, because of the significant negative loading for Q31.4 (Table 1) , it could be said that more the stringent attitude to time in UAE had a positive impact on Project Success, which was the only identified aspect of the UAE culture beneficial for construction projects. All other aspects of UAE culture, including a preference to do business face-to-face, preferring to have personal knowledge about a business partner, and the strong vertical hierarchy of most Emirate companies appeared to be detrimental for project success and risk management in the UAE construction industry.
The total effect of Cultural Diversity on Project Success is more than two times larger in magnitude than that of UAE Culture (compare equations (1) and (2)). A comparison of equations (3) to (5) further demonstrates that Communication and External Risks are significantly more important for successful risk management than Internal Risks. These comparisons enable the identification of the nine most critical specific risks for the success of construction projects in UAE, as those associated with the three most important constructs of Cultural Diversity, Communication and External Risks, and having the largest factor loadings (Table 1) . These are:
• The corruption of government officials;
• Inadequate forecasting of market demand;
• Language diversity;
• Diversity of decision-making processes;
• Lack of effective dispute resolution procedures;
• Large communication gap between the contractor and the client;
• Lack of an effective system for the communication of risks;
• Lack of an effective system for the communication of risk mitigation strategies; and • Large communication gap between the contractor and the employees.
All of these specific risks are related to cultural diversity either by association or by means of significant direct or indirect effects (Figure 1 ). Therefore, it could be recommended that, in an effort to improve risk management and project success in the UAE construction industry, the major focus should be on the management of issues related to cultural diversity rather than on general cultural matters (whose impacts are approximately two times weaker than that of cultural diversity -see equations (1) and (2)). The important issues in this regard correspond to the items with the largest factor loadings in the Cultural Diversity factor (Table 1) , including the development and application of effective dispute-resolution procedures, addressing language diversity, diversified workplace cultures and differences in decision-making processes.
